MEASUREMENTS: CNS medication (benzodiazepineand opioid-receptor agonists, antipsychotics, antidepressants) use, duration, and dose were determined at baseline (Year 1) and Years 3 and 5. Cognitive function was measured using the 3MS at baseline and Years 3 and 5. The outcome variables were incident cognitive impairment (3MS score o80) and cognitive decline (!5-point decline on 3MS). Multivariable interval-censored survival analyses were conducted.
C entral nervous system (CNS)-active medications (e.g., benzodiazepines, opioids, tricyclic antidepressants, traditional antipsychotics) are commonly prescribed to older adults and represent a frequent cause of adverse medication effects, including problems with mobility, falls, and cognition. [1] [2] [3] Medications that adversely affect cognition in particular lead to greater morbidity and healthcare use by older people. [1] [2] [3] More importantly, CNS medicationinduced cognition problems may be reversed by adjusting or discontinuing these medications altogether.
class (e.g., benzodiazepines) of these medications at a time and did not include more recently available medications (e.g., benzodiazepine-receptor agonists, opioid-receptor agonists, atypical antipsychotics, and selective serotonin reuptake inhibitors (SSRIs)). 6, 7, 9, 10 SSRIs may exert an anticholinergic effect on cognition. 2 Even less is known about the potential effect of concurrent use of multiple classes of CNS-active medications on cognitive function in older people. [11] [12] [13] [14] Thus, the purpose of this study was to evaluate the combined effect of CNS medication use on cognitive decline and incident cognitive impairment in older community-dwelling adults. The research hypothesis was that older adults using CNS medications would have a higher risk of decline in cognitive function than those who did not use any CNS medications.
METHODS
Study Design, Sample, and Source of Data The study sample was derived from a cohort of 3,075 black and white men and women aged 70 to 79 enrolled in the Health, Aging and Body Composition (Health ABC) Study since 1997/98 and evaluated annually for at least 4 years. 15 Sample participants represent elderly persons living in Pittsburgh and Memphis who initially reported no difficulty walking at least one-quarter of a mile or up a flight of stairs. The University of Pittsburgh and University of Tennessee institutional review boards approved this study. Informed consent was obtained from each participant before data collection.
Data Collection and Management
Available data included detailed physiological and performance measurements, as well as questionnaire material covering sociodemographic characteristics, multiple aspects of physical health, and medication use. Participants were asked to bring to their clinic visit all medications they had taken in the previous 2 weeks. Trained interviewers transcribed from each medication container medication name, strength, and dosage form and whether the medication was taken routinely or as needed. The interviewer also recorded when the participant started taking the medication and the number of times he or she reported taking each medication the previous day, week, or month. The medication data were coded using Iowa Drug Information System (IDIS) codes and entered into a computerized database. 16 Health ABC data collection has been considered highly accurate and complete, allowing for the assessment of common confounders and outcomes. 15 
Study Cohort
For this investigation, the participant cohort was refined to include all Health ABC participants at the baseline interview who were cognitively intact as determined according to the modified Mini-Mental State Examination (3MS) (described below) 17 and for whom complete information medication use was obtained at baseline (N 5 2,737). Three hundred thirty-eight persons at baseline were not included because of missing medication information (n 5 20), missing cognitive function test results (n 5 14), or evidence of cognitive impairment at baseline (n 5 304). Those who became cognitively impaired or had cognitive decline by Year 3 were not included in the final Year 5 models.
CNS Medication Use Exposure
Coded prescription medication data were used to define three independent variables for CNS medication use: current use, duration of use, and combined dose of CNS medication exposure. Consistent with previous studies, CNS medications were defined as those belonging to a group that together included opioid-receptor-agonist analgesics (IDIS class code 28080800) and other psychotropic agents (IDIS class codes 28240200 and 28160000 to 28161000), such as benzodiazepine-receptor agonists, antidepressants, and antipsychotics. 16, 18 The study group decided a priori to test the relationship between time-varying exposure to CNS medications and change in cognitive function. 7 Appendix A shows the individual CNS medications reported by particpants and the corresponding IDIS codes. Medication data and cognitive function assessments were collected at Years 1, 3, and 5. Therefore, the primary independent variable was expressed as a time-varying dichotomous variable (any use vs none) at Years 1, 3, and 5. At baseline, duration of use was operationally defined as long term (continuous use for previous 2 years) or short term (use at the baseline in-person medication review only). At follow-up Years 3 and 5, duration of use of current users was operationally defined as long term (use of any CNS medications at most-recent and previous in-person medication reviews) or short term (use at most-recent in-person medication review only).
To measure dose of exposure to CNS medications, the average daily dose of each individual CNS medication was calculated by multiplying the number of doses taken the previous day by the strength of the medication. The average daily dose was then converted to a standardized daily dose measured in medication units. To do this, the average daily dose was divided by the minimum effective dose per day for geriatric patients recommended in a highly regarded geriatric pharmacotherapy reference. 19 Thus, a person taking 1.0 standardized CNS medication unit or dose would be using the minimum recommended effective daily dose for one agent. 7 Appendix A shows the minimum effective daily dose for each of the individual CNS medications with reported use by participants in this cohort. The combined CNS standardized daily dosage was operationally defined as a categorical variable based on the distribution of the data and clinical relevance. Three categories were created: lowest dose (o1.0 standardized daily dose), moderate dose (1.0-3.0 standardized daily doses), and highest dose (43.0 standardized daily doses).
Outcome Variables
Teng's 3MS was used to operationally define two dependent variables: cognitive impairment and cognitive decline. 17 The 3MS is an expanded version of the Mini-Mental State Examination with additional items testing cognitive function in the areas of memory, attention, abstract reasoning, and verbal fluency using a score of 0 to 100. 17 The 3MS has high internal consistency, high interrater and test-retest reliability, and excellent specificity and sensitivity in identifying cognitive impairment and dementia using standardized criteria and more-detailed neuropsychological tests. 20 Moreover, a recent Health ABC Study involving more than 3,000 participants showed that the average 3MS baseline score was 89.7 AE 0.3. 21 In that study, 3MS scores declined modestly (0.55-1.00 point per year), suggesting that a learning effect was unlikely. 21 The 3MS was the only cognitive function measure consistently used by the Health ABC Study at baseline and at each follow-up cognition assessment. Teng's 3MS was assessed at Years 1 (baseline), 3, and 5. Incident cognitive impairment was defined as a 3MS score less than 80, 20, [22] [23] [24] and cognitive decline was defined as a decrease in 3MS score of 5 or more points. 21 
Covariates
To adjust for potential confounding, a number of covariates were identified that could influence the relationship between CNS medication use and change in cognitive function. 7, 25, 26 Sociodemographic factors were represented by dichotomous variables for race, sex, study site, and living alone. 7, 9, [26] [27] [28] [29] [30] Age was represented as a continuous variable. Categorical variables were used to represent highest level of education achieved (postsecondary education, high school graduate, and less than high school graduate). 31 A categorical variable also was created for health literacy based on reading level (ninth grade or more, seventh or eighth grade, and sixth grade or less). 32 Smoking (current, past, never) and alcohol use (current, past, never) were also characterized categorically.
4,31 Self-reported health was represented by dichotomous measures (present vs absent) for the following health conditions: congestive heart disease, diabetes mellitus, hypertension, pulmonary disease, peripheral arterial disease, hyperlipidemia, hypothyroidism, hearing impairment, self-rated health (poor to fair vs good to excellent). 7, 28, 30, [33] [34] [35] [36] Categorical variables were created for vision problems (excellent to good sight, fair sight, poor sight to completely blind). 35, 36 The use of other medication classes known to be associated with cognitive impairment (histamine 2 receptor blockers, anticholinergics, anticonvulsants) and the mean number of prescription medications (excluding other classes separately measured) participants took were controlled for potential confounding. 31, 37 Indications for which CNS medications could be prescribed also were considered important covariables, and dichotomous measures represented self-reported sleep problems, anxiety, painful knee osteoarthritis, cancer, and depression. 7, 28, 31, 33, 38, 39 Anxiety was determined by responses to three items from the anxiety subscale of the validated Hopkins Symptom Checklist: (1) In the past week have you felt nervous or shaky inside? (2) During the past week have you felt tense or keyed up? (3) During the past week have you felt fearful? 40 A positive response to any of the three questions was operationally defined as having anxiety. 40 The presence of painful knee osteoarthritis required that participants self-report a diagnosis of degenerative arthritis or osteoarthritis in the knee made by a physician and confirmed according to X-ray of the knee in addition to self-report of knee pain using the Western Ontario and McMaster University Osteoarthritis Index function scale. 41 This is the same approach used and validated by the Framingham Study. 42 A categorical variable was created for bodily pain (moderate or worse, mild, none). Depression was measured using the Center for Epidemiologic Studies Depression Subscale (positive test 5 score 415).
43 Stroke was measured according to self-report. Both were controlled for at baseline (Year 1) and 2 (Year 3) and 4 years (Year 5) later.
Statistical Analyses
Categorical variables are presented as percentages, and continuous variables are summarized with means and standard deviations. The incidence of cognitive impairment; change in cognitive function; and CNS medication use, duration, and dosage were represented by percentages at each year of measurement. At baseline, 9.9% of subjects had one or more missing values for covariates. For the multivariable analyses, missing covariate values were replaced with those generated using the multiple imputation procedure in SAS software (SAS Institute, Inc., Cary, NC). Cognitive function was assessed at years 1, 3, and 5. Time to event for the survival analyses was the number of years from baseline to first occurrence, with censoring at Year 5. To detect an association between exposure to CNS medications and incident cognitive impairment or change in cognitive function, separate multivariable interval-censored survival analyses were conducted while adjusting for demographics, healthrelated behaviors, health status, and indications for CNS medications. [44] [45] [46] CNS medication use, stroke, and depression were entered as time-varying variables. All other variables were fixed. In separate models, hazard ratios and 95% confidence intervals for each of the primary independent variables were computed after adjusting for all the covariates and baseline cognitive function. The underlying statistical assumptions of the model were evaluated and verified. All statistical analyses were conducted in SAS Version 9.1. Table 1 shows the characteristics of the cohort at baseline. The mean age AE standard deviation was 73.6 AE 2.9, and nearly half were women. Eighty percent had graduated from high school, more than half had ever smoked, and half reported current alcohol use. At least 80% reported good or excellent vision and self-rated health. One-third reported problems with anxiety, whereas fewer than 5% had evidence of depression. Ten percent indicated difficulty sleeping, and two-thirds reported some pain. Study participants took an average of six prescription medications (excluding CNS-active medications). Table 2 shows the prevalence of individual classes and overall CNS medication use and exposure over time. At baseline (Year 1), 13.9% of subjects used at least one CNSactive medication. At Years 3 and 5, the prevalence had increased to 15.3% and 17.1%, respectively. Antidepressants were used more commonly than any other CNS medication class. SSRIs were the most commonly used type of antidepressant. Two-thirds of subjects who took CNSactive medications (10.7% overall) were long-term (!2 years) users. Of those who took CNS medications, nearly 18% were taking high doses (43 standardized daily doses) at Years 3 and 5 of the study.
RESULTS
By Year 5, 7.7% of baseline participants had 3MS scores that dropped below 80 (cognitive impairment) ( Table 3) . Approximately one-quarter of baseline participants had demonstrated incident cognitive decline by Year 5 (5-point decline on the 3MS).
Any CNS-active medication use was associated with cognitive decline (adjusted hazard ratio (adj HR) 5 1.37, 95% confidence interval (CI) 5 1.11-1.70) ( Table 4) . SSRI use alone showed a trend toward greater risk of cognitive decline (adj HR 5 1.27, 95% CI 5 0.90-1.81). The standardized, or combined, daily dose of CNS medications used was the strongest predictor of cognitive decline. Highest doses (43 standardized daily doses) of CNS medications were more strongly associated with cognitive decline (adj HR 5 1.87, 95% CI 5 1.25-2.79), although lowest and moderate doses of CNS medication use were not statistically associated with cognitive decline. Short-and longterm use were also associated with cognitive decline, but only the association with long-term use was statistically significant. Similar, but nonsignificant (P4.05), associations were found between any exposure, duration of exposure, and combined dose of exposure to CNS-active medications and incident cognitive impairment. SSRI use alone also showed a trend toward greater of cognitive impairment (adj HR 5 1.44, 95% CI 5 0.75-2.77).
DISCUSSION
This longitudinal cohort study demonstrated an association between the combined use of CNS medications, especially at high doses, and greater risk of clinically important cognitive decline. This relationship was detected in a large sample of healthy, community-dwelling older persons even after controlling for a number of potentially confounding factors that also could have affected CNS function. Furthermore, short and long duration of CNS medication use were associated with a 5-point decline on the 3MS, a clinically important cognitive decline. These findings were consistent with a study examining the risk of these CNS medication use variables on another common geriatric syndrome: recurrent falls. 47 These findings also were consistent with the findings of studies of single classes of CNS-active medications that demonstrated an association between medication use and cognitive decline.
2,3,6,7,9,10 For example, two previous studies found that higher doses of benzodiazepines were associated with cognitive decline, whereas lower doses were not. 7, 10 One study found that higher doses of certain opioid analgesics, specifically meperidine, were associated with delirium, 9 whereas another study showed that immediaterelease opioids were more likely to be associated with cognitive decline than delayed-release opioids. 48 A few studies have attributed decline in cognitive function to antidepressant and antipsychotic use because of their anticholinergic and sedative properties. 2, 5 The analyses in the current study encompassed the (combined) use of all of these classes of CNS medications.
This study has several noteworthy implications. First, these findings should not be interpreted as suggesting that the treatment of pain or psychiatric symptoms should be avoided because of the risk of cognitive impairment, especially because these conditions are often undertreated. A previous study showed that the risk of delirium was more pronounced in patients with severe pain than in those using opioids. 49 Similarly, the use of tricyclic antidepressants for depression has been associated with positive, negative, and a lack of effects on cognitive function. 50, 51 It is conceivable that different agents within the same major class of medications (e.g., antidepressants) may affect cognitive function differently, although in the current study, SSRI use and tricyclic antidepressant use demonstrated similar risks of affecting cognitive function. Ultimately, the practical implications of this study suggest that clinicians should use the lowest possible combined doses of CNS-active medications, particularly when treating concurrent pain and psychiatric conditions, to minimize the risk of cognitive decline. Further research may be able to identify specific combined dosing thresholds beyond which the incidence of adverse effects on cognitive function dramatically and unacceptably increases. As a second noteworthy implication, these findings reiterate the possibility that a reversible component of cognitive decline may exist in the presence of excessive dosing of CNS-active medications. Further research may elucidate this possibility. Third, the question of whether CNS-active medication use in healthy older adults is associated with incident cognitive impairment has not been satisfactorily answered, and other larger studies are needed to explore this.
This study has several potential limitations. First, the measure of cognitive function, the 3MS, was not as sensitive to change as a full battery of neuropsychological tests (e.g., visual reproduction test, Trail-Making Test Part B, verbal fluency, word list recall) would be, 24, 52, 53 although psychometric testing of the 3MS has demonstrated its reliability between raters and its ability to approximate estimates of the actual incidence of mild cognitive impairment separately from dementia. 20 Second, medication use information was limited to that collected at three points in time. Nonetheless, one of the strengths of medication data collection in the Health ABC Study is that it is based on Table 2 . Prevalence, Duration, and Dose of Current Central Nervous System (CNS) Medication Use participants' actual medication use rather than a clinician's record of medications prescribed to participants or pharmacy dispensing. A third limitation is that, given the low incidence of cognitive impairment (as measured according to the dichotomous 3MS measure), the power to detect any association with CNS medication use was limited. For example, post hoc calculations revealed that this study had 9.1% power to detect the magnitude of the association between higher (43 standardized daily doses) doses of CNS medications and cognitive impairment, although the HRs for the risk of developing cognitive decline and impairment with the use of highest doses of CNS medication were nearly identical. Therefore, this point estimate is probably the best first approximation of the true magnitude of the association between higher CNS medication doses and cognitive impairment. As an additional limitation, potential confounding by indication attributable to behavioral complications that sometimes occur in older adults with severe cognitive impairment (dementia) could not be controlled for because the Health ABC Study did not collect this information. Finally, at baseline, this study sample included only relatively healthy community-dwelling older adults living in two states and therefore may not be representative of other populations elsewhere.
CONCLUSION This is one of the first studies to explore the relationship between the combined dose of CNS-active medication use across multiple classes (i.e., benzodiazepines, antidepressants, antipsychotics, and opioids) and cognitive decline in healthy community-dwelling older people. This study confirms a strong association between highest combined daily dose of CNS medication use and cognitive decline. Future studies should explore and compare the effect of combined CNS medication use on more-vulnerable older adults (e.g., those living in long-term care facilities).
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